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(S)  Crosslinkable  elastomeric  materials. 
  A  process  for  the  production  of  a  cross  linkable  thermo- 
plastic  elastomeric  material  comprises  blending  together 
under  conditions  which  promote  graft  copolymerisation 
components  comprising  (A)  a  nitrile  rubber  component  and 
(B)  a  thermoplastic  organic  polymer  component  comprising, 
for  example,  ethylene/alkyl  (meth)acrylate  wherein  the  ther- 
moplastic  organic  component  (B)  has  pendant  silane  groups 
bearing  hydrolysable  functions  or,  simultaneously  with,  or 
subsequent  to,  the  blending/graft  compolymerisation,  pen- 
dant  silane  substituents  are  introduced  into  the  blend.  The 
cross  linkable  thermoplastic  elastomeric  material  of  the 
present  invention  can  be  used  to  manufacture  articles  by 
thermoforming  techniques. 



The  present   i nven t ion   r e l a t e s   to  c r o s s l i n k a b l e   t h e r m o p l a s t i c  

e l a s tomer ic   ma t e r i a l s   and  to  a  process   for  producing  such  m a t e r i a l s .  

Thermoplas t ic   e l a s t o m e r i c   m a t e r i a l s   are  well  known  in  the  p r i o r  

ar t   as  e l a s tomer i c   m a t e r i a l s   which  are  capable  of  being  thermoformed 

into  useful   a r t i c l e s .   It  is  a lso  known  tha t   a r t i c l e s   made  from  s u c h  

ma te r i a l s   can  be  c ro s s l i nked   to  form  a r t i c l e s   having  improved 

p r o p e r t i e s   (e .g .   improved  high  t empera tu re   d imensional   s t a b i l i t y )   by 

the  act ion  of  vu l can i s ing   agents   such  as  sulphur  or  o r g a n i c  

peroxides .   Curable  i . e .   c r o s s l i n k a b l e   composi t ions   of  th is   type  a r e  

descr ibed  for  example  in  GB-A-2028837. 

In  the  f i e l d   of  conven t iona l   t h e r m o p l a s t i c   polymers  ( i . e .  

non-e las tomer ic   polymers)  i t   is  known  that   c e r t a i n   of  t h e s e  

polymers,  for  example,  p o l y o l e f i n s   po lyv iny l   ch lo r ide   and 

e t h y l e n e / u n s a t u r a t e d   e s t e r   copolymers  can  be  rendered  c r o s s l i n k a b l e  

by  i nco rpo ra t i ng   hydro lysab le   s i l a n e   groups  into  the  m o l e c u l a r  

s t r u c t u r e   of  the  polymer  (e .g.   by  c o p o l y m e r i s a t i o n ,   g r a f t i n g   o r  

t r a n s e s t e r i f i c a t i o n   t e c h n i q u e s ) .   C ros s l i nk ing   of  the  produced 

s i l ane -mod i f i ed   ma te r i a l   is  achieved  by  exposing  the  f i n a l  

thermoformed  a r t i c l e   to  a  hyd ro lys ing   agent ,   e.g.   water,   p r e f e r a b l y  

in  the  presence  of  a  s i l a n o l   condensa t ion   c a t a l y s t .   C r o s s l i n k a b l e  

mate r ia l s   of  th is   type  are  d e s c r i b e d ,   for  example,  in  GB-A-2028831, 

GB-A-2039513,  GB-A-1415194,  GB-A-1357549,  GB-A-1234034  and 

GB-A-1286460. 

It  is  an  object   of  the  p resen t   i n v e n t i o n   to  provide  a  p r o c e s s  
for  manufacturing  c r o s s l i n k a b l e   s i l a n e   modif ied  t h e r m o p l a s t i c  



e l a s t o m e r i c   m a t e r i a l   having  improved  p r o p e r t i e s .  

Accordingly   the  p resen t   i n v e n t i o n   provides  a  process  for  t h e  

p r o d u c t i o n   of  a  c r o s s l i n k a b l e   t h e r m o p l a s t i c   e l a s t o m e r i c   m a t e r i a l  

compris ing  blending  t oge the r   under  c o n d i t i o n s   which  promote  g r a f t  

c o p o l y m e r i s a t i o n   components  c o m p r i s i n g  

(A)  a  n i t r i l e   rubber  component  and 

(B)  a  t h e r m o p l a s t i c   organic   polymer  component  c h a r a c t e r i s e d   i n  

t h a t :  

(1)  the  t h e r m o p l a s t i c   o rganic   polymer  component  (B)  has  pendan t  

s i l ane   groups  bear ing  h y d r o y l s a b l e   func t ions   o r  

(2)  s i m u l t a n e o u s l y   with,   or  subsequent   to,  the  b l e n d i n g / g r a f t  

c o p o l y m e r i s a t i o n ,   an  u n s a t u r a t e d   s i l ane   compound  b e a r i n g  

h y d r o l y s a b l e   func t ions   is  g r a f t e d   into  the  blend  o r  

(3)  in  the  case  that   t h e r m o p l a s t i c   organic  component  (B)  can  be  a  

copolymer  con ta in ing   polymer ised   un i t s   of  (meth)  ac ry l i c   a c i d  

or  a l k y l ( m e t h ) a c r y l a t e ,   s i m u l t a n e o u s l y   with  or  subsequent  t o  

the  b l e n d i n g / g r a f t   c o p o l y m e r i s a t i o n   a  s i l a n e   compound  h a v i n g  

the  genera l   formula  X -  (CH2)a -  Si  (Y)3  is  reac ted   t h e r e w i t h  

to  i n t roduce   pendant  s i l a n e   s u b s t i t u t e n t s   into  t h e  

t h e r m o p l a s t i c   organic  component  B,  o r  

(4)  in  the  case  that   the  t h e r m o p l a s t i c   organic  component  (B)  can  be  

a  copolymer  con ta in ing   polymerised  uni ts   of  vinyl   alcohol  o r  

v iny l   c a r b o x y l a t e ,   s i m u l t a n e o u s l y   with  or  subsequent   to  t h e  

b l e n d i n g / g r a f t   c o p o l y m e r i s a t i o n   a  s i l ane   compound  having  t h e  

genera l   formula  Z -  (CH2)a -  Si  (Y)3  is  r eac t ed   therewi th   t o  

i n t r o d u c e   pendant  s i l a n e   s u b s t i t u e n t s   into  the  t h e r m o p l a s t i c  

organic   component  ( B ) ,  

wherein  X  is  OH,  SH,  NH2,  or  R-COO-; 

R  is  1-18C  a lkyl   or  CH2 -  C(Rl)-;   R1  is  H  or  1-18C  a l k y l ;  

a  -   1-18;  and  each  Y  is  i ndependen t ly   H,  1-18C  h y d r o c a r b y l ,  

1-18C  alkoxy  or  1-18C  a lkoxya lkoxy   provided  that   at  leas t   one 

of  the  Y  groups  is  the  alkoxy  or  a lkoxyalkoxy  g r o u p ,  

and  wherein  Z  is  R200C-,  R2  being  H  or  1-18C  a l k y l .  

The  present   i nven t ion   f u r t h e r   provides   a  c r o s s l i n k a b l e  

e l a s t o m e r i c   t h e r m o p l a s t i c   m a t e r i a l   compris ing  a  g r a f t   copolymer  o f  



(A)  a  n i t r i l e   rubber   and  (B)  a  t h e r m o p l a s t i c   organic   po lymer  

c h a r a c t e r i s e d   in  tha t   the  uni ts   of  A  and /or   B  in  the  g r a f t   copolymer  

have  pendant  s i l a n e   groups  bearing  h y d r o l y s a b l e   f u n c t i o n s .  

N i t r i l e   rubbers   are  well  known  in  the  art   and  are  copolymers  o f  

a  diene  and  an  u n s a t u r a t e d   n i t r i l e   for  example ,  

i s o p r e n e / a c r y l o n i t r i l e   copolymer  and  b u t a d i e n e / a c r y l o n i t r i l e  

copolymer.   In  the  present   i nven t ion   a  p r e f e r r e d   n i t r i l e   rubber  i s  

b u t a d i e n e / a c r y l o n i t r i l e   copolymer.  P r e f e r a b l y   the  n i t r i l e   r u b b e r ,  

e.g.   b u t a d i e n e / a c r y l o n i t r i l e   copolymer,   has  an  a c r y l o n i t r i l e   c o n t e n t  

of  from  20  to  45X  by  w e i g h t .  

The  t h e r m o p l a s t i c   organic  polymer  component  employed  in  t h e  

process   of  the  p resen t   inven t ion   can  be  a  t h e r m o p l a s t i c   o r g a n i c  

polymer  modi f i ed   by  the  presence  of  pendant  s i l a n e   groups  or  can  be 

an  unmodified  t h e r m o p l a s t i c   organic  p o l y m e r .  

Examples  of  unmodified  t h e r m o p l a s t i c   o rganic   polymers  s u i t a b l e  

for  use  in  the  p rocess   of  the  p resen t   i n v e n t i o n   are  t h e r m o p l a s t i c  

polymers  or  copolymers  of  one  or  more  of  o l e f i n s ,   v inyl   c h l o r i d e ,  

v inyl   e the r s   or  unsa tu r a t ed   e s t e r s .   Examples  of  s u i t a b l e  

unmodified  t h e r m o p l a s t i c   organic  polymers  are  p o l y e t h y l e n e ,  

p o l y p r o p y l e n e ,   e t h y l e n e / h y d r o c a r b o n   copolymers  ( e . g .   LLDPE), 

e t h y l e n e / a l k y l   a c r y l a t e   or  m e t h a c r y l a t e   copolymers ,   e t h y l e n e / v i n y l  

a c e t a t e   copolymers ,   hydrolysed  or  p a r t i a l l y   h y d r o l y s e d  

e t h y l e n e / v i n y l   a c e t a t e   copolymers  and  e t h y l e n e / v i n y l   e t h e r  

copolymers,   or  blends  of  two  or  more  of  these  organic  p o l y m e r s .  

Copolymers  of  e thy lene   with  an  a l k y l ( m e t h ) a c r y l a t e   are  p r e f e r r e d .  

P a r t i c u l a r l y   p r e f e r r e d   are  copolymers  of  e thy lene   with  an  a l k y l  

a c r y l a t e   or  m e t h a c r y l a t e   wherein  the  a lky l   group  con ta ins   from  1  t o  
4  carbon  atoms.  P r e f e r a b l y   such  e t h y l e n e / a l k y l ( m e t h ) a c r y l a t e  

copolymers  c o n t a i n   from  75  to  95X  by  weight  (based  on  copolymer)  o f  

e t h y l e n e .  

The rmop las t i c   organic  polymers  modif ied   by  the  presence  o f  

pendant  s i l a n e   groups  bearing  h y d r o l y s a b l e   func t ions   are  wel l -known 

in  the  ar t   and  they  can  be  p repared ,   for  example,  by 

c o p o l y m e r i s a t i o n ,   s i l a n e - g r a f t i n g   or  t r a n s e s t e r i f i c a t i o n   t e c h n i q u e s  
( c a r r i e d   out  p r i o r   to  the  blending  and  g r a f t i n g   of  A  with  B).  For  



example,  a  t h e r m o p l a s t i c   o rgan ic   polymer  component  having  p e n d a n t  

s i l a n e   groups  can  be  p repared   by  copolymer is ing   an  u n s a t u r a t e d  

monomer,  for  example  e t h y l e n e ,   with  an  u n s a t u r a t e d   s i l a n e   compound 

having  h y d r o l y s a b l e   f u n c t i o n s   in  the  presence  of  a  f ree   r a d i c a l  

i n i t i a t o r   or  a  Z i e g l e r   c a t a l y s t .   Such  c o p o l y m e r i s a t i o n   t e c h n i q u e s  

are  desc r ibed   for  example  in  GB-A-2028831,  GB-A-2039513  and 

GB-A-1415194.  Methods  for  making  t h e r m o p l a s t i c   o rganic   po lymer  

components  by  the  s i l a n e - g r a f t i n g   technique  are  d i s c l o s e d ,   f o r  

example,  in  GB-A-1357549,  GB-A-1234034  and  GB-A-1286460.  The 

s i l a n e - g r a f t   p o l y m e r i s a t i o n   method  forms  the  bas i s   of  the  we l l -known  

"SIOPLAS"  (RTM)  commercial   method  for  making  c r o s s l i n k a b l e  

t h e r m o p l a s t i c   polymers .   A  method  for  making  t h e r m o p l a s t i c   o r g a n i c  

polymer  components  by  t r a n s e s t e r i f i c a t i o n   is  d e s c r i b e d   in  EP-A-4752.  

The  r a t i o   of  n i t r i l e   rubber  component  to  the  t h e r m o p l a s t i c  

organic   polymer  component  employed  in  the  process   of  the  p r e s e n t  

i n v e n t i o n   (or  p re sen t   as  u n i t s   the reof   in  the  t h e r m o p l a s t i c  

e l a s t o m e r i c   m a t e r i a l )   is  p r e f e r a b l y   from  is  p r e f e r a b l y   1:20  to  1 0 : 1 ,  

most  p r e f e r a b l y   1:4  to  4:1  p a r t s   by  weight  based  on  the  t o t a l   w e i g h t  

of  n i t r i l e   rubber   (A)  and  t h e r m o p l a s t i c   organic   polymer  ( B ) .  

The  b lending  of  the  n i t r i l e   rubber  component  with  t h e  

t h e r m o p l a s t i c   o rgan ic   polymer  component  is  s u i t a b l y   c a r r i e d   out  i n  

the  presence  of  a  f ree   r a d i c a l   i n i t i a t o r   to  promote  g r a f t i n g   u s i n g ,  

for  example  an  azo-compound  or  an  organic  peroxide   capable   o f  

gene ra t i ng   free  r a d i c a l s   under  the  g ra f t   c o p o l y m e r i s a t i o n  

c o n d i t i o n s .   Examples  of  s u i t a b l e   free  r a d i c a l   i n i t i a t o r s   a r e  

a z o - b i s i s o b u t y r o n i t r i l e ,   dicumyl  p e r o x i d e ,  

1 , 1 - d i - t e r t i a r y b u t y l p e r o x y - 3 , 3 , 5 - t r i m e t h y l   c y c l o h e x a n e ,  

d i t e r t i a r y b u t y l   p e r o x i d e ,   2 , 5 - d i m e t h y l - 2 , 5 - b i s ( t e r t i a r y   b u t y l  

peroxy)hexane ,   t e r t i a r y b u t y l   cumyl  peroxide ,   b i s ( t e r t i a r y b u t y l  

peroxy  i s o p r o p y l ) b e n z e n e ,   t e r t i a r y   butyl   pe roxybenzoa te   and 

4 , 4 - d i t e r t i a r y b u t y l   peroxy  n - b u t y l   v a l e r a t e .   The  f ree   r a d i c a l  

i n i t i a t o r   can  be  suppor ted   on  an  ine r t   c a r r i e r   if  d e s i r e d ,   f o r  

example,  p r e c i p i t a t e d   calc ium  carbona te   or  s i l i c a .   The  q u a n t i t y   o f  

i n i t i a t o r   employed  is  s u i t a b l y   0.05  to  4.0  wtX,  p r e f e r a b l y   0.1  t o  
3.0wtX  based  on  the  weight  of  A  plus  B. 



The  g r a f t   c o p o l y m e r i s a t i o n   of  the  n i t r i l e   rubber  component  A 

and  the  t h e r m o p l a s t i c   copolymer  component  B  is  s u i t a b l y   ca r r i ed   o u t  

at  a  t empera tu re   above  the  mel t ing   t e m p e r a t u r e   of  A  and  B. 

Gene ra l ly   t e m p e r a t u r e s   in  the  range  110  to  210  °C  are  found 

s a t i s f a c t o r y .  

The  u n s a t u r a t e d   s i l ane   compound  employed  e i t h e r   in  t h e  

p r e p a r a t i o n   of  the  s i l a n e   modif ied   t h e r m o p l a s t i c   organic  polymer  o r  

in  the  a l t e r n a t i v e   embodiment  (2)  in  the  process   of  the  p r e s e n t  

i n v e n t i o n   is  p r e f e r a b l y   a  compound  having  the  genera l   f o r m u l a  

RlSiR2mY3-m  where in   Rl  r e p r e s e n t s   an  e t h y l e n i c a l l y  

u n s a t u r a t e d   hydroca rby l   or  hyd roca rby loxy   group:  R2  r e p r e s e n t s   an  

a l i p h a t i c   s a t u r a t e d   hydrocarbyl   group;  Y  r e p r e s e n t s   the  h y d r o l y s a b l e  

organic   group  (for  example  Y  can  be  halogen  or  a lkoxy l ) ;   and  m 

r e p r e s e n t s   zero,   1  or  2.  Examples  of  p r e f e r r e d   unsa tu ra t ed   s i l a n e  

compounds  are  v inyl   t r imethoxy   s i l a n e ,   v inyl   t r i s ( m e t h o x y e t h o x y )  

s i l a n e ,   v i n y l t r i e t h o x y   s i l ane   and  v i n y l t r i a c e t o x y   s i l a n e .   One  o r  

more  such  s i l a n e s   can  be  employed  if   d e s i r e d .  

The  q u a n t i t y   of  u n s a t u r a t e d   s i l a n e   compound  employed  in  t h e  

p r e p a r a t i o n   of  the  s i l a n e   modif ied  t h e r m o p l a s t i c   organic  polymer  o r  

in  the  a l t e r n a t i v e   embodiment  (2)  of  the  p re sen t   inven t ion   i s  

s u i t a b l y   s u f f i c i e n t   to  provide  a  c o n c e n t r a t i o n   of  0.05  to  10 

weight  X,  p r e f e r a b l y   0.5  to  5  weight   %  of  c a l c u l a t e d   as  we igh t  

of  s i l a n e   monomer  employed  per  100  p a r t s   by  weight  of  A  plus  B. 

In  embodiment  (2)  of  the  p rocess   of  the  present   i nven t ion   t h e  

u n s a t u r a t e d   s i l a n e   compound  having  h y d r o l y s a b l e   groups  can  be  

g r a f t ed   subsequent   to  the  b l e n d i n g / g r a f t   c o p o l y m e r i s a t i o n   of  t he  

n i t r i l e   rubber  with  the  t h e r m o p l a s t i c   o rgan ic   polymer  or  can  be  

g r a f t ed   "in  s i tu"   ( s i m u l t a n e o u s l y )   dur ing  the  b l e n d i n g / g r a f t  

c o p o l y m e r i s a t i o n   p r o c e s s .   In  the  case  tha t   the  g r a f t i n g   of  t h e  

u n s a t u r a t e d   s i l a n e   is  c a r r i e d   out  "in  s i t u " ,   the  free  r a d i c a l  

i n i t i a t o r ( s )   employed  in  the  g r a f t   c o p o l y m e r i s a t i o n   are  g e n e r a l l y  

found  s u i t a b l e   for  the  s i l ane   g r a f t i n g   a l so .   When  the  s i l a n e  

g r a f t i n g   is  c a r r i e d   out  as  a  subsequent   s t ep ,   the  same  ( c h e m i c a l l y )  

or  d i f f e r e n t   i n i t i a t o r s   can  be  employed.  It  is  p re fe r red   to  c a r r y  

out  the  g ra f t   c o p o l y m e r i s a t i o n   of  A  and  B,  and  the  g r a f t i n g   of  t h e  



u n s a t u r a t e d   s i l a n e   compound  s i m u l t a n e o u s l y   i . e .   "in  s i t u " .  

The  g r a f t   c o p o l y m e r i s a t i o n   of  the  n i t r i l e   rubber   A  with  t h e  

t h e r m o p l a s t i c   o rgan ic   polymer  and  the  s imul t aneous   or  s u b s e q u e n t  

g r a f t i n g   of  the  u n s a t u r a t e d   s i l ane   compound  can  be  c a r r i e d   out  u s i n g  

c o n v e n t i o n a l   melt  b lending   or  e x t r u s i o n   appa ra tus   if  d e s i r e d .   For  

example  the  components  can  be  mixed  in  a  rubber  mi l l   or  mixer  or  a  

screw  e x t r u d e r   u n t i l   the  de s i r ed   g r a f t i n g   has  been  a ch i eved .   For  

example,  the  g r a f t i n g   c o n d i t i o n s   ( e .g .   q u a n t i t y   of  p e r o x i d e s ,  

t empera tu re   and  time)  are  p r e f e r a b l y   such  that   the  f i n a l  

c r o s s l i n k a b l e   t h e r m o p l a s t i c   e l a s t o m e r i c   m a t e r i a l   has  a  high  l oad  

melt  index  (BS  1S0  1133 -  1981  (E)  Condi t ion  7)  in  the  range  0.5  t o  

50  grammes  per  10  minutes   (21.6kg  l o a d / 1 9 0 ° C ) .  

The  c r o s s l i n k a b l e   t h e r m o p l a s t i c   e l a s t o m e r i c   m a t e r i a l   of  t h e  

p resen t   i n v e n t i o n   can  c o n t a i n   a d d i t i v e s   for  example  a n t i o x i d a n t s ,  

f i l l e r s   (eg  carbon  b l a c k ) ,   metal  d e a c t i v a t o r s ,   l u b r i c a n t s ,  

p l a s t i c i s e r s ,   s t a b i l i s e r s ,   w a t e r - t r e e   i n h i b i t o r s ,   flame  r e t a r d a n t s  

or  pigments  as  d e s i r e d .   Addi t ives   of  th is   type  are  c o n v e n t i o n a l l y  

i n c o r p o r a t e d   e i t h e r   d i r e c t l y   or  by  a  m a s t e r b a t c h i n g   t e c h n i q u e .   The 

m a t e r i a l   can  also  be  blended  with  t h e r m o p l a s t i c s ,   for  example ,  

p o l y e t h y l e n e   (low,  medium  or  high  d e n s i t y ) ,   l i n e a r   low  d e n s i t y  

p o l y e t h y l e n e ,   p o l y p r o p y l e n e ,   e t h y l e n e / v i n y l   a c e t a t e   copolymer  o r  

e t h y l e n e / e t h y l a c r y l a t e   c o p o l y m e r s .  

A  f u r t h e r   embodiment  of  the  p resen t   i n v e n t i o n   p rov ides   a 

c r o s s l i n k a b l e   compos i t ion   comprising  the  c r o s s l i n k a b l e   t h e r m o p l a s t i c  

e l a s t o m e r i c   m a t e r i a l   h e r e i n b e f o r e   desc r ibed   t o g e t h e r   with  a  s i l a n o l  

condensa t i on   c a t a l y s t .  

The  s i l a n o l   c o n d e n s a t i o n   c a t a l y s t   employed  in  the  c o m p o s i t i o n  

of  the  p re sen t   i n v e n t i o n   can  be  any  such  c a t a l y s t   known  in  the  a r t  
for  c r o s s l i n k i n g   s i l y l   modif ied   polymers.   Examples  of  s u i t a b l e  

c l a s ses   of  s i l a n o l   condensa t i on   c a t a l y s t s   are  o rgan ic   and  i n o r g a n i c  

acids  and  a l k a l i s ,   and  metal   compounds,  for  example  complexes  o r  

c a r b o x y l a t e s   of  lead,   c o b a l t ,   i ron ,   n i c k e l ,   zinc  or  t i n .   Examples 
of  s u i t a b l e   s i l a n o l   c o n d e n s a t i o n   c a t a l y s t   are  d i b u t y l t i n   d i l a u r a t e ,  

d i b u t y l t i n   d i a c e t a t e   d i b u t y l t i n   d i o c t o a t e ,   s tannous  a c e t a t e ,  
s t a n n o u s  e a p r y l a t e ,   lead  n a p h t h e n a t e ,   zinc  c a p r y l a t e ,   c o b a l t  



naph thena t e ;   e t hy l amines ,   d i b u t y l a m i n e ,   hexy lamines ,   p y r i d i n e ;  

i n o r g a n i c   acids  such  as  s u l f u r i c   acid  and  h y d r o c h l o r i c   acid;  and 

o rgan ic   ac ids   such  as  t o l u e n e s u l f o n i c   ac id ,   a c e t i c   ac id ,   s t e a r i c  

acid  and  maleic  acid.   C a r b o x y l a t e s   of  t in   are  p r e f e r r e d .  

P a r t i c u l a r l y   p r e f e r r e d   s i l a n o l   c o n d e n s a t i o n   c a t a l y s t s   are  d i a l k y l  

t in   d i c a r b o x y l a t e s ,   for  example  d i b u t y i   t in   d i l a u r a t e ,   d i b u t y l   t i n  

d i p a l m i t a t e ,   d i b u t y l   t in   d i s t e a r a t e ,   d i o c t y l   t in   d i l a u r a t e   and 

d i b u t y l   t in   m a l e a t e .  

The  q u a n t i t y   of  s i l a n o l   c o n d e n s a t i o n   c a t a l y s t   employed  in  t h i s  

embodiment  of  the  present   i n v e n t i o n   is  s u i t a b l y   in  the  range  0 . 0 0 1  

and  3.0  moles,   p r e f e r a b l y   in  the  range  0.003  to  0.05  moles  per  mole 

of  s i l y l   un i t s   in  the  c r o s s l i n k a b l e   p o l y m e r .  

The  s i l a n o l   condensa t i on   c a t a l y s t   can  be  i n c o r p o r a t e d   into  t h e  

compos i t ion   by  conven t iona l   b l end ing   or  m a s t e r b a t c h i n g   t e c h n i q u e s .  

A l t e r n a t i v e l y ,   i t   is  p o s s i b l e   to  i n c o r p o r a t e   the  s i l a n o l  

c o n d e n s a t i o n   c a t a l y s t   at  an  e a r l i e r   s tage ,   for  example  during  t h e  

p r e p a r a t i o n   of  the  g r a f t   copolymer  of  the  n i t r i l e  

r u b b e r / t h e r m o p l a s t i c   organic  polymer  or  during  the  s i l a n e   g r a f t i n g  

s t a g e .  

Genera l ly   speaking,   the  q u a n t i t y   of  the  s i l a n o l   c o n d e n s a t i o n  

c a t a l y s t   to  be  blended  into  the  compos i t i on   is  in  the  range  of  0 .001  

to  10  per  cent  by  weight,   p r e f e r a b l y   0.01  to  5  per  cent  by  w e i g h t ,  

p a r t i c u l a r l y   p r e f e r a b l y   0.03  to  3  per  cent  by  weight ,   r e l a t i v e   t o  

the  q u a n t i t y   of  c r o s s l i n k a b l e   t h e r m o p l a s t i c   e l a s t o m e r i c   m a t e r i a l .  

Another  method  s u i t a b l e   for  c r o s s l i n k i n g   a r t i c l e s   m a n u f a c t u r e d  

from  the  c r o s s l i n k a b l e   t h e r m o p l a s t i c   e l a s t o m e r i c   m a t e r i a l   of  t h e  

p r e sen t   i n v e n t i o n   is  to  con t ac t   the  a r t i c l e   with  a  s o l u t i o n   o r  

s l u r r y   of  s i l a n o l   condensa t ion   c a t a l y s t .  

The  c r o s s l i n k a b l e   t h e r m o p l a s t i c   e l a s t o m e r i c   m a t e r i a l   of  t h e  

p r e sen t   i n v e n t i o n   can  be  c r o s s l i n k e d   using  the  t echn iques   known  i n  

r e l a t i o n   to  the  c r o s s l i n k i n g   of  s i l a n e   modif ied  p o l y e t h y l e n e s .  

These  t echn iques   gene ra l l y   invo lve   exposing  the  m a t e r i a l   to  w a t e r ,  

moist   gas  or  steam  in  the  p re sence   of  s i l a n o l   c o n d e n s a t i o n  

c a t a l y s t .   Techniques  of  th is   type  are  desc r ibed   in  GB-A-1357549, 

GB-A-1234034  and  GB-A-1286460. 



The  c r o s s l i n k a b l e   t h e r m o p l a s t i c   e l a s t o m e r i c   m a t e r i a l   of  t h e  

p resen t   i n v e n t i o n   can  be  used  to  manufacture   a r t i c l e s   by 

c o n v e n t i o n a l   thermoforming  t e c h n i q u e s ,   for  example,  blow  m o u l d i n g ,  

e x t r u s i o n ,   i n j e c t i o n   moulding,   f i lm-b lowing ,   c a l e n d e r i n g ,  

ro tomoulding   and  e x t r u s i o n - c o a t i n g .   The  m a t e r i a l   is  p a r t i c u l a r l y  

p r e f e r r e d   for  wire  and  cable  coat ing  a p p l i c a t i o n s   and  for  a u t o m a t i v e  

a p p l i c a t i o n s   where  g rease   and  oi l   r e s i s t a n c e   are  impor t an t .   The 

i n v e n t i o n   is  i l l u s t r a t e d   in  the  fo l lowing  Examples .  

Example  1 

A  c r o s s l i n k a b l e   t h e r m o p l a s t i c   e l a s t o m e r i c   m a t e r i a l   was  p r e p a r e d  

as  f o l l o w s :  

A  l a b o r a t o r y   3  l i t r e   Banbury  i n t e r n a l   mixer  was  p rehea ted   t o  

65°C.  The  Banbury  speed  was  set  to  50rpm  and  the  ram  p r e s su re   t o  

2kg/cm2.  1850  g  of  Breon  (RTM)  N36  C35  (made  by  BP  Chemica l s )  

n i t r i l e   rubber  was  charged,   the  ram  dropped  onto  i t   and  the  s p e e d  

i nc rea sed   to  100  rpm.  Af ter   30  seconds  the  fo l lowing  i n g r e d i e n t s  

were  a d d e d .  

At  time  90  seconds  the  ram  was  dropped  onto  the  charge.   A f t e r  

a  t o t a l   of  8k  minutes  mixing  the  m a t e r i a l   was  dumped.  The 

t empera tu re   of  the  m a t e r i a l   was  measured  as  191°C  with  a  n e e d l e  



pyrometer .   The  minimum  cu r ren t   observed  on  the  machines '   ammeter 

was  42  amps  which  rose  to  62  amps  during  the  c r o s s l i n k i n g   r e a c t i o n .  

A  1.5mm  plaque  was  compression  moulded  from  the  m a t e r i a l   at  180°C 

and  then  immersed  in  water  con ta in ing   0.5wtX  d i b u t y l   t in   d i l a u r a t e  

( s i l a n o l   c o n d e n s a t i o n   c a t a l y s t )   at  70°C  for  16  hours .   The  p r o d u c t  

was  t e s ted   as  f o l l o w s :  

A  s i m i l a r   plaque  which  was  not  c r o s s l i n k e d   in  w a t e r / d i b u t y l   t i n  

d i l a u r a t e   broke  under  heat  e l o n g a t i o n   a f t e r   1  m i n u t e .  

Examples  2 -  5 

An  i n t e r m e d i a t e   compound  (Compound  1)  of  the  f o r m u l a t i o n   shown 

in  Table  1  was  p r epa red .   Compound  1  was  then  ex t ruded   with  v a r y i n g  

amounts  of  mix tures   of  vinyl   t r imethoxy  s i l a n e   (VTMS)  (Wacker 

Chemie),  dicumyl  peroxide  (DICUP:  Hercules)   and  d i b u t y l   t i n  

d i l a u r a t e   (DBTL)  (Akzo  Chemie)  as  shown  in  Table  2,  under  c o n d i t i o n s  

promoting  g r a f t i n g   of  the  NBR  ( n i t r i l e   rubber)   to  the  t h e r m o p l a s t i c  

( p o l y e t h y l e n e )   and  promoting  g r a f t i n g   of  the  u n s a t u r a t e d   s i l ane   t o  

the  polymeric   m a t e r i a l .  

The  blends  as  desc r ibed   in  Table  2,  were  fed  into  the  hopper  o f  

a  G o t t f e r t   ex t rude r   equipped  with  a  25  mm  screw  having  L:D  of  23 :1  

and  a  5  cm  s l o t - c a s t i n g   die  having  3  mm  die  gap  to  produce  an  
extruded  tape.   The  die  t empera ture   was  210°C  and  the  screw  speed 

was  30  RPM.  The  e x t r u d a t e   was  c o l l e c t e d   on  a  conveyor  bel t   moving 

at  a  ra te   such  tha t   the  tape  t h i cknes s   was  main ta ined   at  1 . 5  *  

0.1  mm.  The  extruded  tape  was  cured  by  immersion  in  a  water  b a t h  

t he rmos t a t ed   at  80°C.  

Samples  of  the  c r o s s l i n k e d   extruded  tapes  were  sub jec ted   to  

heat  e l o n g a t i o n   t e s t i n g   according  to  IEC  540  (200°C,  20  g/mm2,  15 

minu te s ) .   The  heat  e l o n g a t i o n   f igu res   are  recorded  in  Table  2  f o r  

tapes  cured  for  3  h o u r s .  





1.  A  process   for  the  p roduc t ion   of  a  c r o s s l i n k a b l e   t h e r m o p l a s t i c  

e l a s t o m e r i c   m a t e r i a l   compris ing  b lending   t oge the r   under  c o n d i t i o n s  

which  promote  g r a f t   c o p o l y m e r i s a t i o n   components  c o m p r i s i n g  

(A)  a  n i t r i l e   rubber  component  and 

(B)  a  t h e r m o p l a s t i c   organic   polymer  component  c h a r a c t e r i s e d   i n  

t h a t :  

(1)  the  t h e r m o p l a s t i c   organic   polymer  component  (B)  has  p e n d a n t  

s i l a n e   groups  bear ing  h y d r o l y s a b l e   f u n c t i o n s   o r  

(2)  s i m u l t a n e o u s l y   with,   or  subsequent   to,  the  b l e n d i n g / g r a f t  

c o p o l y m e r i s a t i o n ,   an  u n s a t u r a t e d   s i l a n e   compound  b e a r i n g  

h y d r o l y s a b l e   f unc t i ons   is  g r a f t e d   into  the  blend  o r  

(3)  in  the  case  that   t h e r m o p l a s t i c   organic   component  (B)  can  be  a 

copolymer  con ta in ing   polymer ised   un i t s   of  (meth)  a c r y l i c   a c i d  

or  a l k y l ( m e t h ) a c r y l a t e ,   s i m u l t a n e o u s l y   with  or  subsequent   t o  

the  b l e n d i n g / g r a f t   c o p o l y m e r i s a t i o n   a  s i l ane   compound  h a v i n g  

the  genera l   formula  X -  (CH2)a -   Si  (Y)3  is  r eac t ed   t h e r e w i t h  

to  i n t r o d u c e   pendant  s i l a n e   s u b s t i t u t e n t s   into  t h e  

t h e r m o p l a s t i c   organic   component  B,  o r  

(4)  in  the  case  that   the  t h e r m o p l a s t i c   organic   component  (B)  can  be 

a  copolymer  con ta in ing   po lymer ised   un i t s   of  vinyl  a lcohol   o r  

vinyl   c a r b o x y l a t e ,   s i m u l t a n e o u s l y   with  or  subsequent   to  t h e  

b l e n d i n g / g r a f t   c o p o l y m e r i s a t i o n   a  s i l ane   compound  having  t h e  

genera l   formula  Z -  (CH2)a -   Si  (Y)3  is  r eac ted   the rewi th   t o  

i n t r o d u c e   pendant  s i l ane   s u b s t i t u e n t s   into  the  t h e r m o p l a s t i c  

organic   component  (B) ,  



wherein   X  is  OH,  SH,  NH2,  or  R-COO-; 

R  is  1-18C  a lky l   or  CH2 -  C(R1)-;  R1  is  H  or  1-18C  a l k y l ;  

a  -   1-18;  and  each  Y  is  i ndependen t ly   H,  1-18C  h y d r o c a r b y l ,  

1-18C  alkoxy  or  1-18C  a lkoxyalkoxy  provided  that   at  l e a s t   one 
of  the  Y  groups  is  the  alkoxy  or  a lkoxya lkoxy   g r o u p ,  
and  where in   Z  is  R2000-,  R2  being  H  or  1 - 1 8 C  a l k y l .  

2.  A  process   as  claimed  in  Claim  1  where in   the  n i t r i l e   rubber  is  a  

copolymer  of  b u t a d i e n e   and  a c r y l o n i t r i l e .  

3.  A  p rocess   as  claimed  in  Claim  1  or  Claim  2  wherein  t h e  

t h e r m o p l a s t i c   o rgan ic   polymer  component  (B)  comprises  one  or  more  o f  

p o l y e t h y l e n e ,   p r o p y l e n e ,   e t h y l e n e / h y d r o c a r b o n   copolymers,  e t h y l e n e /  

a lky l   a c r y l a t e   or  m e t h a c r y l a t e  c o p o l y m e r   e t h y l e n e / v i n y l   a c e t a t e  

copolymer  and  e t h y l e n e / v i n y l   e ther   c o p o l y m e r .  

4.  A  p rocess   as  claimed  in  Claim  3  where in   the  t h e r m o p l a s t i c  

o rgan ic   polymer  component  (B)  comprises  e t h y l e n e / a l k y l   a c r y l a t e   o r  

m e t h a c r y l a t e   copolymer  wherein  the  a lky l   group  conta ins   1  to  4 

carbon  a t oms .  

5.  A  p rocess   as  claimed  in  any  one  of  the  preceding  c l a i m s  

where in   s i m u l t a n e o u s l y  w i t h ,   or  subsequent   t o ,  t h e   b l e n d i n g / g r a f t  

c o p o l y m e r i s a t i o n ,   an  u n s a t u r a t e d   s i l ane   compound  b e a r i n g  

h y d r o l y s a b l e   f u n c t i o n s   i s   g ra f t ed   into  the  blend,   c h a r a c t e r i s e d   i n  

tha t   the  u n s a t u r a t e d   s i l a n e   compound  has  the  general   f o r m u l a  

R1SiR2mY3-m  where in   R1  r e p r e s e n t s   an  e t h y l e n i c a l l y   u n s a t u r a t e d  

h y d r o c a r b y l   or  hyd roca rby loxy   group;  R2  r e p r e s e n t s   an  a l i p h a t i c  
s a t u r a t e d   hyd roca rby l   group;  Y  r e p r e s e n t s   the  hydro lysab le   o r g a n i c  

group;  and  m  r e p r e s e n t s   zero,  1  or  2 .  

6.  A  process   as  claimed  in  Claim  5  where in   the  unsa tu ra t ed   s i l a n e  

compound  is  s e l e c t e d   from  one  or  more  of  v iny l   t r imethoxy  s i l a n e ,  

v iny l   t r i s ( m e t h o x y e t h y o x y ) s i l a n e ,   v i n y l t r i e t h y o x y   s i l ane   and  v i n y l  

t r i a c e t o x y   s i l a n e .  

7.  A  process   as  claimed  in  any  one  of  the  preceding  claims  w h e r e i n  

the  b lending   of  the  n i t r i l e   rubber  component  (A)  with  t h e  

t h e r m o p l a s t i c   component  (B)  is  c a r r i e d   out  in  the  presence  of  a n  

organic   peroxide   capable   of  gene ra t ing   free  r a d i c a l s   under  the  g r a f t  
c o p o l y m e r i s a t i o n   c o n d i t i o n s .  



8.  A  process   as  claimed  in  any  one  of  the  p reced ing   claims  w h e r e i n  

a  s i l a n o l   c o n d e n s a t i o n   c a t a l y s t   is  i n c o r p o r a t e d   into  t h e  

c r o s s l i n k a b l e   t h e r m o p l a s t i c   e l a s t o m e r i c   m a t e r i a l .  

9.  A  process   as  claimed  in  Claim  8  wherein   the  q u a n t i t y   of  s i l a n o l  

c o n d e n s a t i o n   c a t a l y s t   is  in  the  range  0.01  to  5  per  cent  by  w e i g h t  

r e l a t i v e   to  the  q u a n t i t y   of  the  c r o s s l i n k a b l e   t h e r m o p l a s t i c  

e l a s t o m e r i c   m a t e r i a l .  

10.  A r t i c l e s   manufac tured   by  thermoforming  the  c r o s s l i n k a b l e  

t h e r m o p l a s t i c   e l a s t o m e r i c   m a t e r i a l   prepared  in  accordance   with  any 

one  of  claims  1 - 9 .  
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